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Specification 

1. Title of the Invention 

A water-pump control unit for engine 

2 . Claim 

(1) A water-pump control unit for engine comprising: 
a water pump for circulating a cooling water through an engine; 
a drive unit for controllably driving the water pump in a manner 
to vary a speed ratio thereof based on the rotation of the engine ; 
an operating condition sensor for detecting an operating 
condition of the engine; an abnormal condition sensor for 
detecting abnormality of a thermostat provided at a cooling 
water passage; and a control circuit operating, during normal 
operation, to control said drive unit in response to an output 
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from said operating condition sensor, and operating, during 
abnormality, to control saiddrive unit to correct the rotational 
speed of said water pump in response to outputs from said 
operating condition sensor and abnormal condition sensor. 

3. Detailed Description of the Invention 

The present invention relates to a water-pump control 
unit for engine and more particularly, to a control unit for 
controllably driving the water pump in a manner to vary a speed 
ratio thereof based on the rotation of an engine. 

Heretofore, it has been the practice that the water pump 
for circulating a cooling water through the engine is directly 
driven by the engine at a given speed ratio based on the rotation 
of the engine. More recently, however, the following water 
pumps have been proposed for reducing drive loss, improving 
fuel economy and ensuring an exact control of engine temperature . 
The water pump may be driven by a dedicated motor or otherwise, 
be connected to the engine via a variable pulley or clutch so 
as to be independently driven and controlled at a variable speed 
ratio based on the rotation of the engine ( JP-UM-A-51-138630 , 
JP-UM-A-51-138631) . 

In a case where the water pump of such an independent 
drive/control system is controlled based on the operating 
conditions of the engine, which include an engine temperature, 
an engine load, an engine speed and the like, a thermostat is 
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provided at the cooling water passage for controllably opening 
or closing the cooling water passage according to the cooling 
water temperature. At an engine cooling time when the cooling 
water temperature is lower than a set value, the thermostat 
is closed to allow the circulating cooling water to bypass a 
radiator, thereby promoting engine warm-up . Accordingly, the 
water pump is driven with a relatively higher rotational speed 
characteristic. At completion of the engine warm-up when the 
cooling water temperature is higher than the set value, on the 
other hand, the thermostat is opened to circulate the cooling 
water through the radiator, thereby increasing an engine cooling 
efficiency. Accordingly, the water pump is driven with a 
relatively lower rotational speed characteristic. 

In a case where the aforesaid thermostat is locked in 
open state due to a foreign substance caught therein, for 
instance, the cooling water circulates through the radiator 
during engine cooling time whereas the water pump is rotated 
with the relatively higher rotational speed characteristic. 
This results in overcooling of the engine and hence, the warm-up 
of the engine is not promoted. In a case where the thermostat 
is locked in close state, the circulating cooling water bypasses 
the radiator when the engine warm-up is completed. In addition, 
the water pump is rotated with the relatively lower rotational 
speed characteristic. Consequently, the engine cooling 
efficiency is significantly lowered so that the overheating 
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of the engine may result. 

The invention is accomplished to overcome the abnormality 
associated with the thermostat locked in open or close state. 
It is an object of the invention to provide a water-pump control 
unit for engine for controlling the aforesaid water pump of 
the independent drive/control system according to the operating 
conditions of the engine, the control unit adapted to provide 
a corrective control in the event of the aforesaid abnormality 
of the thermostat in a manner that the rotational speed of the 
water pump is decreased from a normal speed to cope with the 
thermostat locked in open state whereas the rotational speed 
of the pump is increased to cope with the thermostat locked 
in close state, thereby ensuring despite the abnormality of 
the thermostat that the warm-up of the engine is promoted during 
the engine cooling time or that the cooling efficiency is 
enhanced when the engine warm-up is completed. 

The invention will be specifically described as below 
by way of a preferred embodiment thereof which is illustrated 
in the accompanying drawings . 

Referring to Fig. 1, a reference numeral 1 represents 
an engine; a reference numeral 2 represents a water pump for 
circulating a cooling water through the engine 1 ; and a reference 
numeral 3 represents a radiator. The aforesaid engine 1 and 
the radiator 3 are interconnected by means of a first circulation 
approach passage 4a and a first circulation return passage 4b, 
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which constitute a first cooling water passage 4. A bypass 
5 is juxtaposed with the first cooling water passage 4, as 
branched from some midpoint of the first circulation approach 
passage 4a for bypassing the radiator 3, A thermostat 6 is 
disposed at a junction between the bypass 5 and the first 
circulation approach passage 4a. As shown in Fig. 3 # the 
thermostat 6 includes: a valve body 6b for opening or closing 
a valve seat 6a; a wax 6c fitted on the valve body 6b and sensitive 
to the temperature of the cooling water to expand; a rod 6f 
continuous to the wax 6c via an elastic member 6d such as rubber 
so as to be pro j ected by the expanded wax 6c to come into abutting 
engagement with a support member 6e; and a spring 6g for biasing 
the aforesaid valve body 6b in a direction to close the valve. 
At the engine cooling time when the cooling water temperature 
is lower than the set value, the biasing force of the spring 
6g acts on the valve body 6b to close the valve seat 6a so that 
the first cooling water passage 4 is closed whereas the bypass 
5 is opened. Thus, the cooling water does not circulate but 
bypasses the radiator 3 for promoting the warm-up of the engine 
1 . At completion of the warm-up of the engine 1 when the cooling 
water temperature is higher than the set value, the wax 6c is 
expanded to project the rod 6f so that the valve body 6b is 
moved against the biasing force of the spring 6g to open the 
valve. Thus, the bypass 5 is closed whereas the first cooling 
water passage 4 is opened to allow the cooling water to be 
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circulated through the radiator 3 for efficiently cooling the 
engine 1. A reference numeral 7 represents a second cooling 
water passage for circulating the cooling water for the engine 
1 through a heater core 8 . A downstream end of the second cooling 
water passage 7 is connected to some midpoint of the aforesaid 
bypass 5 so that respective portions of the bypass 5 and of 
the first circulation return passage 4b also serve as the second 
cooling water passage 7. A selector valve 9 is interposed in 
the aforesaid second cooling water passage 7. An arrangement 
is made such that the selector valve 9 is opened to allow the 
cooling water to circulate through the heater core 8, which 
generates a hot air blow by heating an air blow from a blower 
(not shown) . 

A reference numeral 10 represents a drive unit which 
includes a motor 12 for independently controllably driving the 
aforesaid water pump 2 via a drive belt mechanism 11 in a manner 
to vary a speed ratio thereof based on the rotation of the engine 
1 . The motor 12 of the drive unit 10 is connected with a control 
circuit 13 for controlling the motor 12. 

A reference numeral 14 represents an operating condition 
sensor including a temperature sensor for sensing the 
temperature of the cooling water for the engine 1 (engine 
temperature) as one element indicating the operating conditions 
of the engine. A reference numeral 15 represents an abnormal 
condition sensor for detecting the abnormality (locked open 
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state or locked close state) of the aforesaid thermostat 6. 
These sensors 14, 15 are connected to the aforesaid control 
circuit 13, respectively. 

As shown in Fig. 3, the aforesaid abnormal condition sensor 
15 includes: a movable contact 15a fixed to the valve body 6b 
of the thermostat 6 for unitary movement with the valve body 
6b; and a stationary contact 15b confronting the movable contact 
15a. When the thermostat 6 is driven into close position, the 
contacts 15a , 15b are brought out of contact with each other 
so that the thermostat outputs an OFF signal. When the 
thermostat 6 is driven into open position, the movable contact 
15a comes into contact with the stationary contact 15b so that 
the thermostat outputs an ON signal. 

As shown in Fig . 2 , the aforesaid control unit 13 includes : 
a temperature detecting circuit 16 for outputting a voltage 
signal corresponding to a cooling water temperature according 
to a detection signal (indicative of a value of electric 
resistance) from the operating condition sensor 14; an output 
current control circuit 17 for outputting an output current 
signal for controlling an output current to the motor 12 
according to the output signal from the temperature detecting 
circuit 16; an abnormality judging circuit 18 which receives 
the output signals from the operating condition sensor 14 and 
the abnormal condition sensor 15 to determine whether the 
thermostat 6 is locked in open state (the operating condition 
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sensor 14 outputs a signal indicative of a cooling water 
temperature of less than the set value, and the abnormal 
condition sensor 15 outputs the ON signal) or in close state 
(the operating condition sensor 14 outputs a signal indicative 
of a cooling water temperature of at least the set value, and 
the abnormal condition sensor 15 outputs the OFF signal) , and 
then outputs an abnormality signal in the event of abnormality; 
a correction circuit 19 which receives the outputs from the 
above output current control circuit 17 and abnormality judging 
circuit 18 and then outputs the output current control signal 
from the output current control circuit 17 as it is during normal 
operation in which the abnormal signal from the abnormality 
judging circuit 18 is not applied, but which, during abnormality 
in which the abnormal signal from the abnormality judging circuit 
18 is applied with, corrects the aforesaid output current signal 
in a manner to decrease the output current to the motor 12 when 
the thermostat is locked in open state or to increase the output 
current to the motor 12 when the thermostat is locked in close 
state; and an amplifier circuit 2 0 for amplifying an output 
signal from the correction circuit 19. The control circuit 
controls a field current supplied from a power source B to an 
exciting coil 12a of the motor 12 via a transistor Tr according 
to the output signal from the aforesaid amplifier circuit 20 
while supplying power from the power source B to an armature 
12b of the motor 12 by turning on a relay MR based on the output 
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signal from the amplifier circuit 20, thereby controllably 
driving the motor 12 (drive unit 10) according to the operating 
condition of the engine 1 (engine cooling water temperature 
according to the embodiment) during normal operation, or 
otherwise correctively increasing or decreasing the rotational 
speed of the water pump 2 during abnormality. A reference 
character S in Fig. 2 represents a key switch. 

Next, the operations of the above embodiment are described. 
The operating condition sensor 14 detects an engine cooling 
water temperature (engine temperature) as one parameter- 
indicative of the operating conditions of the engine. In the 
meantime, the abnormal condition sensor 15 detects the 
abnormality of the thermostat 6. These detection signals are 
inputted to the control circuit 13 . In the control circuit 
13, the detection signal from the operating condition sensor 

14 is converted into a voltage signal corresponding to a cooling 
water temperature by means of the temperature detecting circuit 
16. Based on the voltage signal, the output current control 
circuit 17 outputs an output current signal equivalent to an 
output current to the motor 12, the output current previously 
defined based on the engine temperature. 

During normal operation, the abnormal condition sensor 

15 outputs the OFF signal when the signal from the operating 
condition sensor 14 indicates the cooling water temperature 
of less than the set value, or outputs the ON signal when the 
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signal from the operating condition sensor 14 indicates the 
cooling water temperature of at least the set value . Therefore, 
the abnormality judging circuit 18 does not output the abnormal 
signal . This permits the output current signal from the output 
current control circuit 17 topass through the correction circuit 
19 as it is . Thereafter, the output current signal is amplified 
by the amplifier circuit 20 before inputted to the motor 12. 
Accordingly, the field current to the motor 12 is controlled 
based on the above output current signal so that the rotational 
speed of the motor 12 or the rotational speed of the water pump 
2 is controlled according to the engine temperature (the 
operating condition of the engine) . Thus, the engine 1 is 
exactly controlled to optimum temperatures by promoting the 
engine warm-up during the engine cooling time or by efficiently 
cooling the engine when the engine warm-up is completed. 

During abnormal time when the thermostat 6 is locked in 
open state or in close state, the signal from the operating 
condition sensor 14 indicates the cooling water temperature 
of less than the set value while the abnormal condition sensor 
15 outputs the ON signal (locked open state) , or otherwise, 
the signal from the operating condition sensor 14 indicates 
the cooling water temperature of at least the set value while 
the abnormal condition sensor 15 outputs the OFF signal (locked 
close state) . Hence, the abnormality judging circuit 18 
outputs the abnormality signal. Accordingly, the output 
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current signal from the output current control circuit 17 is 
corrected by the correction circuit 19 so that the output current 
to the motor 12 is decreased when the thermostat is locked in 
open state or that the output current to the motor 12 is increased 
when the thermostat is locked in close state. The signal thus 
corrected is inputted to the motor 12 via the amplifier circuit 
2 0 . Thus, the field current supplied to the motor 12 is decreased 
from a normal level when the thermostat is locked in open state, 
or increased from the normal level when the thermostat is locked 
in close state. Accordingly, the rotational speed of the motor 
12 or the rotational speed of the water pump 2 is decreased 
from the normal level when the thermostat is locked in open 
state or increased from the normal level when the thermostat 
is locked in open state . At the engine cooling time, therefore, 
the engine is prevented from being overcooled due to the 
thermostat 6 locked in open state, so that the engine warm-up 
is promoted. On the other hand, the cooling efficiency at 
completion of the engine warm-up is prevented from being lowered 
due to the thermostat 6 locked in close state. Thus is ensured 
good engine cooling performance. 

The foregoing embodiment is arranged such that the 
operating condition sensor 14 for detecting the operating 
condition of the engine 1 employs a temperature sensor for 
sensing the engine temperature (the cooling water temperature) 
whereas the water pump 2 is controllably driven based on the 
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output (the engine temperature) from the temperature sensor. 
As a matter of course, an alternative arrangement may be made. 
That is , the operating condition sensor may employ a load sensor 
for sensing an engine load, a rotational speed sensor for sensing 
an engine speed, or the like. On the other hand, the water 
pump 2 may be controllably driven based on any one of the outputs 
from these sensors , or any one of operating conditions including 
the engine load, engine speed and the like. 

According to the invention, as described above, the 
control unit for controllably driving the water pump of the 
independent drive/control system according to the operating 
conditions of the engine is adapted to provide the corrective 
control in the event of abnormality of the thermostat for the 
cooling water passage, the corrective control performed by 
comparing the rotational speed of the water pump with the normal 
level and by decreasing the rotational speed thereof during 
the locked open state of the thermostat or increasing the 
rotational speed thereof during the locked close state of the 
thermostat. Even when the thermostat is in abnormality, 
therefore, the invention ensures the promoted warm-up at the 
engine cooling time and the good cooling performance when the 
engine warm-up is completed. 

4 . Brief Description of the Drawings 

The following drawings illustrate the embodiment of the 
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invention. Fig. 1 is a diagram showing a circulation system 
of an engine cooling water; Fig. 2 is a block diagram showing 
a control circuit; and Fig. 3 is an enlarged sectional view 
showing a thermostat and an abnormal condition sensor. 
1: ENGINE, 2: WATER PUMP, 3: RADIATOR, 4: FIRST COOLING PASSAGE , 
5: BYPASS, 6: THERMOSTAT, 10: DRIVE UNIT, 12: MOTOR, 13: CONTROL 
CIRCUIT, 14: OPERATING CONDITION SENSOR, 15: ABNORMAL CONDITION 
SENSOR, 16: TEMPERATURE DETECTING CIRCUIT, 17: OUTPUT CURRENT 
CONTROL CIRCUIT, 18: ABNORMALITY JUDGING CIRCUIT, 19: 
CORRECTION CIRCUIT. 
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(54) WATER PUMP CONTROL SYSTEM FOR ENGINE 

(57)Abstract: 

PURPOSE: To promote a warming for machine and to assure 
the good cooling performance by correction controlling the 
rotation of the water pump to the predetermined direction 
compared with the conventional time when the thermostat in 
the cooling water path is abnormal. 

CONSTITUTION: One of the operating states of an engine or 
the engine cooling water temperature is detected by an 
operating state sensor 14 while the abnormality of the 
thermostat is detected by the abnormal state sensor 15 then 
said signals are inputted to the control circuit 13. When the 
thermostat in the cooling water path is abnormal, the control 
circuit 13 will correct the output current signal from the 
output current control circuit 17 by means of a correction 
circuit 19 to decrease the rotation of the motor 12 or the 
rotation of the water pump when it is opened while to increase 
when it is closed. 
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